The purpose of this study were to evaluate the discoloration of a silorane-based resin and two methacrylated-based resin composites upon exposure to different staining solutions coffee, red wine, porcine liver esterase and distilled water for 7 days. The colors of all specimens before and after storage in the solutions were measured by a spectrophotometer based on CIE Lab system, and the color differences thereby calculated. Data were statistically analyzed by ANOVA and Scheffe's test. For coffee and red wine, the mean color change in silorane-based resin was significantly lower than that in methacylate-based resin composites (p<0.05). For porcine liver esterase and distilled water, there was no significant difference in the mean values of color change between silorane-and methacrylate-based resin composites (p>0.05). In conclusion, the silorane-based resin composites exhibited better color stability (less ΔE) after exposure to the colored staining solutions.
INTRODUCTION
Resin composites have been used widely in both posterior and anterior restorations since their first introduction to the dental field. Color match is one of the most important characteristics of esthetic restorative materials. Moreover, color stability throughout the functional lifetime of restorations is important for the durability of treatment 1) . A discolored restoration with an unacceptable color is the main cause for the replacement of anterior tooth restorations.
The discoloration of resin composites can be caused by intrinsic and/or extrinsic factors. The intrinsic factors involve discoloration of the resin material itself, such as the resin matrix and the interface between the matrix and fillers. This intrinsic discoloration might be due to insufficient polymerization or immersion in water for long periods and be related to the polymer quality, filler type and amount and photoinitiator system.
The extrinsic factors for discoloration include staining by the adsorption or absorption of colorants due to contamination from exogenous sources such as coffee, tea and other beverages 2) . Previous studies [3] [4] [5] [6] on color stability reported that drinks and mouthrinses have a range of staining effects on resin composite restorative materials. Other important factors that affect staining tendency include the surface roughness, surface integrity, and polishing technique 7, 8) . To render a restoration imperceptible, the appropriate levels of translucency are also required. This characteristic can be idealized by harmonizing the optical properties of the restoration with those of the adjacent natural teeth. Recognition that the level of translucency of resin composites is a critical property, which is comparable in importance to the shade of the composite, has led many researchers to measure the translucency of specific resin composites in terms of the contrast ratio or translucency parameter [9] [10] [11] . Recently, different high-molecular-weight-matrix resin compositions have been developed with the aim of diminishing polymerization shrinkage. These include a cationic ring-opening hybrid monomer system that contains both siloxane and oxirane structural moieties. Such a system is used in dental composite materials commonly called siloranes 12) . The advantage of siloxane molecules is their hydrophobic nature, giving the resin composite significantly less water sorption and watermediated exogenous discoloration. Low shrinkage properties are achieved by oxirane molecules that extend their linkage through ring-opening, flattening, and extending toward each other 13) . Although several studies have examined siloranebased dental resin composites, most focused on the mechanical properties. A few studies examined the optical properties of these materials. Since the formulation affects the optical properties of a resin composite 14, 15) , the silorane-based resin composites might exhibit differences in the color and translucency compared to methacrylate-based resin composites. In addition, although silorane-based resin composites are believed to be suitable for both anterior and posterior restorations by manufacturers according to their product advertisements, its long-term clinical performance and color stability are yet to be determined.
Therefore, this study examined the color stability of silorane-based resin composite after exposure to different media and compared the results from two methacrylatebased resin composites. 
Specimen preparation
Twenty cylindrical specimens were prepared for each resin composite material using acrylic molds with a socket. Each specimen had a diameter and height of 8 mm and 2 mm, respectively. Composite resins were dispensed, manipulated, and polymerized according to the manufacturers' instructions. The top and bottom surfaces were then covered with a thin glass slide to make the surface flat. Polymerization was carried out using a LED light curing unit (BluePhase, Ivoclar Vivadent Inc., Amherst, NY, USA; light intensity of 1200 mW/cm 2 ) for 20 s with the light tip approximately 1 mm away from the specimen. Subsequently, the specimens were stored in distilled water at room temperature for 24 h.
Color measurement
Twenty specimens per restorative material were divided into four groups (n=5). The colors of all specimen groups were measured before exposure (baseline) using a spectrophotometer (CM-3600d, Minolta, Tokyo, Japan) employing the CIE (Commission Internationale d'Eclairage) L * a * b * relative to a standard illuminant A against white and black backgrounds. Before the measurement, the spectrophotometer was calibrated according to the manufacturer's recommendations.
After the first color measurement, the specimens were immersed in the staining solutions for 7 days. The staining solutions were renewed daily. While changing the staining solutions, the specimens were cleaned with running water without brushing. After 7 days immersion, the specimens were rinsed with running water and blotted dry with tissue paper. The colors of the specimens were measured using a spectrophotometer, as described earlier.
Calculation of color change (ΔE) and translucency parameter (TP)
The color change (ΔE) was obtained using the following formula: Table 3 
where the subscripts 'B' and 'W' refer to the color coordinates over a black and white background, respectively. The change in the translucency parameter, ΔTP (TP after immersion minus TP before immersion), was calculated for each specimen.
Statistical analysis
The color change was analyzed by ANOVA and a Scheffe's test using statistical software (SPSS, Version 12.0K, SPSS Inc., Chicago, IL, USA). A p value<0.05 was considered significant. * indicates a shift towards a yellow and blue color, respectively. With the exception of group Z250 and Z350 after exposure to CF and RW, all the groups showed negative Δb * values. A maximum change in b * was observed in group Z350 after exposure to RW, followed by group Z250 after exposure to RW. Figure 1 shows the TP values for each resin composite before and after exposure to the solutions and ΔTP values. For all groups the translucency parameter decreased after immersion, except for group P90 after exposure to CF and DW. Overall, P90 demonstrated a lower ΔTP than the other resin composites after immersion. In all resin composite groups, the maximum ΔTP values were observed in RW.
RESULTS

Color change (ΔE) of each resin composite
Translucency parameter (TP)
DISCUSSION
Color plays an important role in obtaining optimum aesthetics. The increasing patient's demand for improved esthetics has created greater demand restorative materials with excellent esthetic properties. On the other hand, to be considered as clinically acceptable, the materials must not only provide an initial shade match, but also maintain an esthetic appearance over the years in a restored tooth. Therefore, color stability might be considered a significant criterion in the selection of a material for use in an esthetically critical area 16) . For that reason, the present study evaluated the color stability of recently introduced resin composites by examining their susceptibility to stains caused by a range of solutions.
Discoloration can be evaluated using visual or instrumental techniques. The color evaluation by visual comparison might not be a reliable method due to the inconsistencies inherent in color perception and specification between observers [17] [18] [19] . Instrumental techniques for color measurement include colorimetry, spectrophotometry and digital image analysis. Of these, spectrophotometry has been reported to be a reliable technique in dental material studies 20) . The present study measured the colors of the resin composites with a spectrophotometer using the CIELAB system, which eliminates the subjective errors in color assessment.
The CIELAB color system is a method recommended for dental purposes 19, 21) and characterizes a color based on the human perception. This system designates a color according to 3 spatial coordinates, L * , a * , b * , where L * , a * and b * represent the brightness (value) of a shade, amount of red-green color and amount of yellow-blue color, respectively. The L * coordinates are located along a vertical axis that ranges from 0 (dark) to 100 (light). As a * becomes more positive and negative in value, the color becomes more red and green, respectively. As b * becomes more positive and negative in value, the color becomes more yellow and blue, respectively. Absolute measurements are made in L * a * b * coordinates and the color difference is calculated as ΔE 21) . The parameter, ΔE, indicates the relative color changes that an investigator can use for the materials before and after treatment or between intervals. According to Inokoshi et al. 22) , values of ΔE<1 are regarded as not appreciable by the human eye. Values 1<ΔE<3.3 are considered appreciable by skilled operators, but clinically acceptable, whereas values of ΔE>3.3 are considered appreciable by non-skilled persons, and are hence, not clinically acceptable. Therefore, color changes above a value of ΔE=3.3 were considered clinically unacceptable.
In this study silorane-based resin composite demonstrated significantly lower ΔE values than methacrylate-based resin composites for the staining solutions containing pigments (CF and RW). All color change values of silorane-based resin composite were <3.3, and were considered clinically acceptable. On the other hand, the color change values of the methacrylatebased composites after immersion in red wine and coffee were >3.3, which were considered visually perceptible and clinically unacceptable.
The staining susceptibility of the resin composites might be due to their degree of water sorption and the hydrophilicity of the resin matrix 23) . Water sorption occurs mainly as direct absorption on the resin matrix. If the resin can absorb water, then it can also absorb other fluids, resulting in discoloration. In addition, excessive water sorption can decrease the life of a resin composite by expanding and plasticizing the resin component, causing microcrack formation. As a result, microcracks or interfacial gaps at the interface between the filler and matrix allow stain penetration and discoloration 24) . Therefore, the chemical characteristics and amount have a direct impact on the discoloration of resin composites. Siloranes are silicon-based monomers with oxirane (epoxide) functionality. Compounds containing oxirane groups are reactive with water. On the other hand, like some other silicon-containing monomers, siloranes can be extremely hydrophobic, possibly making the oxirane groups inaccessible to attack by water or water-soluble species 25) . In addition, Palin et al. 26) reported that the silorane composite exhibited significantly lower water sorption, solubility and associated diffusion coefficient than the established methacrylate-based dental composites. These findings can explain the good results from the silorane-based resin composite obtained in the present study.
Filtek Z250 and Filtek Z350 have a similar resin matrix composition with the addition of TEGDMA to the resin matrix, which explains the higher discoloration of these composites in this study. Composites with TEGDMA in their composition release large amounts of monomers in aqueous media 27) , resulting in greater color alteration.
Regarding the amount of filler, it has been reported that resin composites with a lower amount of inorganic fillers showed more color changes because a greater resin matrix volume allows greater water sorption 28, 29) . On the other hand, in the present study, Filtek P90, with a smaller amount of filler (55%) than the other two resin composites, showed the lowest discoloration rate when subjected to staining solutions. Therefore, surface staining of resin-based materials might be affected by the physicochemical properties, such as water sorption and hydrophilic properties of the resin matrix rather than by the amount fillers.
On the other hand, Filtek Z250 was found to be more stain-resistant against red wine than Z350. These composites from the same manufacturer have a similar composition and filler loading by volume. Z250 is a microhybrid resin composite with a filler loading of 60% by volume. Z350 is a nanofilled composite that contains aggregated zirconia/silica cluster fillers of 5-20nm and non-aggregated 20 nm silica fillers. Although Z350 has a similar filler loading to Z250 (59.5% by vol.), it has higher susceptibility to staining. This might be attributed to the porosity of the glass filler particles in Z350, as discussed in other studies 30, 31) . The staining solutions in this study induced different color changes in the resin composites. Red wine caused the highest discoloration (ΔE=2. .57) in all composite materials, followed by coffee (ΔE=0.68-5.42). For red wine, its low pH might affect the surface integrity of the material, thereby softening the matrix 32) . Red wine has a dark burgundy color, which is acquired primarily from the grapes used. These darkest pigments of red wine have the ability to cause drastic discoloration 5) . In a previous study, Stober et al. 33) reported that red wine caused the most severe discoloration when red wine, tea, coffee, mouthrinse, and UV irradiation were used as staining agents to evaluate the staining tendency of composite materials. Ertas et al. 34) immersed composite resin Filtek Supreme in a range of media (coffee, tea, red wine, Coke ® and water), and found that both water and Coke ® showed mild color change, whereas tea, coffee and wine had a greater effect on the staining of these materials. Similarly, Guler et al. 4) reported that red wine produced the most severe discoloration in light polymerized composite provisional restorative materials and microhybrid composites, followed by coffee, coffee with artificial creamer, and tea with sugar.
Translucency is a property of a material that allows the passage of light but disperses the light so that objects cannot be seen clearly through the material. Therefore, translucency can be described as a state intermediate between complete opacity and transparency 35) . The translucency of dental resin composites depends on their thickness as well as the scattering and absorption coefficients of the resin, filler particles, pigments and opacifiers [36] [37] [38] . In addition, the water sorption of a resin monomer might lead to different translucency changes in composites. In the present study, the silorane-based resin composite exhibited lower ΔTP values before and after immersion than methacrylate-based resin composites. This can be explained by the low water sorption rate of the silorane monomer.
These results revealed the color stability of resin composites (including the recently introduced siloranebased resin composite) and the staining potential of some staining solutions. Overall, silorane-based resin composites showed better color stability than methacrylatebased composites, possibly due to the different chemical characteristics of the silorane organic matrix.
CONCLUSIONS
Within the limitations of the present study, it can be concluded that;
1. The silorane-based composites exhibited better color stability (less ΔE) after exposure to the colored staining solutions. 2. Red wine had the greatest effect on the color stability of the resin composites. 3. The silorane-based resin composite demonstrated a lower ΔTP than the other methacrylate-based resin composites after exposure to the staining solutions.
